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ffiELIMINARY INVE3TIGATION OF VARIOUS AILERONS ON 
A 420 SWEPTBACK WING FOR LATERAL CONTROL AT 
TRANSONIC SPEEDS 
·By Thomas R. Turner, Vernard E. Lockwood , 
and Raymond. D. Vogler 
SUMvtARY 
An invest i ga t i on a t t ransonic speeds has been per formed in the 
Langley high - speed 7- by 10-foot tunnel t o de t ermine the r olli ng-
effectiveness characteristics of several ailer on a~angements for use 
on a 420 sweptback wing. The t ests wer e performed on a small model of 
a 420 sweptback wing by a me thod similar t o the NACA wing-flow method. 
The testing technique involved plaCing a small model in the high -vel ocity 
flow field generated over a curved surface . The investigati on was con-
cerned pr imarily with modi ficat i ons to the r egular a ileron chord and 
contour to obtain an aileron which would not show r ever sal of effec -
tiveness in the t ransonic speed range . In addi t i on , some unconventi onal -
type ailer ons , such a s spoiler s and auxiliary lifting surfaces, were 
tested. No attempt has been made t o analyz e the dat a f ully. 
The data pr esented indicated the eff ectiveness of the original 
0 .20-chord circular-arc aileron r ever sed from a Mach number of 0 .92 
to 1 .175 for a defl ect ion of 2 .30 • For higher def l ections the effec -
tiveness approached zer o a t higher Mach number s . Neither t he f l at -
sided nor the cusp normal-chord ailer on showed much improvement in 
effectiveness at l ow deflections over the circular-arc aileron. 
Extending the chord of the aileron improved control t hroughout t he 
speed range investigated. 
The paral lel - sided ailer on (an unconventional ailer on of uni for m 
chor d thickness ) showed no i ndicat i on of r ever sal and had better effec-
tiveness than e i ther of the other normal-chord ailer on s tested. A 
spoiler deflection of 1 per cent and 5 per cent chord appear ed to be 
quite an effective means of cont r ol up to·a Ma ch number of 1.15 with 
no indication of rever sal. 
INTRODUCTION 
One of the many pr obl ems ar is i ng f r om the use of sweptback wings on 
high - speed aircraft ha s been that of securing adequate later al control, 
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particularly in the transonic speed range. It was the purpose of this 
investigation to aid in finding 'a suitable a ileron which would offer 
positive control throughout the transonic speed range. 
In order to obtain a solution to the probl em of lateral control, a 
small 420 sweptback wing was built and tested on the transonic bump . 
The effect of ailer on profile, chord, and span was determined . 'In 
addition, a limited number of tests wer e made to determine the eff ec -
tiveness of spoil er s , auxiliary airfoils , and l eading-edge flaps in 
connection with a i l er on deflection a s lateral control devices . 
It was not the purpose of t he present investigat i on to obtain 
complete data on the various configurations investigated but only to 
determine their acceptability as control s in the transonic speed range . 
The only data obtained wer e the rolling-moment 'coeffici ents ; thus , the 
eff ects of the unco1l7tmtional ailer ons on the other aerodynamic charac-
teristic s hEwe yet to be investigated. 
SYMBOLS AND CORRECTIONS 
c~ rolling-moment coefficient produced by aileron (L'/qSb) 
a 
0a ailer on deflection, positive when trailing edge i s down 
c wing mean a er odynami c chord (M.A . C . ), 0.25 f 00 t 
b twice span of semispan model, 1 f oot 
S twice a r ea of semispan model, 0. 25 square foot 
L' 
q 
p 
M 
model r oll ing moment produced by ailer on about plane of eymmetry, 
foot -poLmds 
average dynamic pres<'3u.re over span of model 
mass density of air, s lugs per cubic foot 
average Mach number over span of model 
tunnel r efer ence Mach number 
local Mach number 
Reynolds number 
Subscripts : 
o outboard 
------- ----- --~------------------------- -- ------------ ---- ~ 
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i inboard 
f.s. full span 
The data have been corr ected in accordance with reference 1 for 
r eflection-plane model s. ~1i s correction is for extremely low Mach 
numbers. No correction has been made for Mach number effect. The correc-
tions applied were as follows : 
Cl x 0. 897, 
"mea sured for outboard ailerons 
for full-span ailerons 
= C x 0 .759, 
l measured. 
for inboar d ailerons 
No correction was applied to the data for the wing-tip aileron . 
TESTING TECHNIQUE 
The tests were performed. in the Langley high- speed. 7- by 10-foot· 
tunnel which is a cl osed -throat, single -return tunnel capable of reaching 
the choking Mach number . In order to obtain transonic speeds in the 
tunnel~ an application of the NACA wing-flow method of testing (refer-
ence 2) was made. This method of testing at t r ansonic speeds involves 
placing the model in the high-velocity flow field generated over the 
curved surface of a bump on the tunnel floor (fig. 1). A sketch showing 
the relative location of the model on the bump is given in figure 2. An 
electrical strain gage is mounted in a chamber in the bump and measures 
only the rolling moment of the model about the plane of symmetry of the 
model . This chamber is seal ed excep t fo r a hole through which the butt 
of the wing passes . The fusel age which was approximately 1/32 inch above 
the bump surface covered this hole. 
All of the tests were run at approximately 00 angle of attack. 
Figure 3 shows the variation of the local Mach number along the 
surface (chordwise) of the bump in the vicinity of the model and the 
vertical variation for a position near the leading edge of the wing 
r oot . The test Mach number was the average Mach number over the span 
of the model. The average Mach number over the span of the model is 
higher than the average Mach number over the span of the aileron by 
approximately 0.01 at the l owest Mach number and 0 .03 at the highest 
Mach number tested (fig . 3). No attempt has been made to evaluate the 
effect of the variation in Mach number along the chord and span of the 
4 NACA RM No . L8D21 
model. The variation of Reynolds number with Mach number for t est condi -
tions is presented in figure 4. 
MODEL 
The semispan model used f or thes e t ests had 42 .80 of sweepback) 
taper ratio of 0.50) and a spect ratio of 4 .0; other geometric charac-
t eri s tics a r e shown in f igure 5 . The wing was a 10-percent-thick 
circular-arc section normal to the 50 -perc ent - chord line ) had no 
dihedral) and was mounted a s a midwing (fig. 5). The fuselage was 
s emicircular in cros s section. The wing was of polished steel and the 
f uselage of poli sh ed brass . 
The ailerons wer e a t tached to the wing with a JL-inch - thick copper 
32 
insert (fig. 5). Thi s insert was bent t o obtain the r equired deflection. 
The deflection was checked bef or e and after each t est. For the sealed 
condi t i on the gap between wing and ailer on was filled with beeswax and 
fair ed. For t he unsealed t ests the beeswax was l eft out) t he l eading 
edges of ailer on wer e slightly r ounded, and the copper insert was 
r eplaced with a s t ee l insert with : 2 -inch holes drilled it; inch on 
centers spanwi se between ailer on and wing. 
Some of t he mor e important geome tric characteristics of the model s 
t ested including the trailing- edge angles as measured parallel to the 
plane of symme try are given in the following table (the aileron chord 
i s based on the original wing chord in all cases): 
Ailer on chord ) Approximate trailing -edge Description angle parallel to plane percent wing chord 
of symmetry 
20 Circular arc 20 .0 
20 Flat s ide s 16 .0 
20 Cusp 7·2 
26 . 9 Flat s ides 11.7 
26 ·9 Cusp 9·0 
32 Flat s ides 10.0 
40 Flat s ides 7·0 
20 Parallel s ides -------------------------
In addition) wing-tip and t riangular inboard ailer ons wer e test ed. 
The geometry of t hese unconven t i onal ailer on s i s shown in figure 6 . 
-------------------------------------------------------~ 
r--- --~--------- - --------------- ---~--- - ----- ------- ~---------l 
NACA RM No. L8D21 5 
RESULTS AND DISCUSSION 
The r olling-moment coefficients presented in this paper are incre -
mental, the coeffici ent at a given deflection minus t he coeffici ent at 
zero defl ection. 
The variation of rolling-moment coefficient with Mach number for 
the normal -chord (O.20c) circular-arc aileron i s presented in figures 7 
to 9. Both the full-span and inboard ailerons (figs. 7 and 8) showed 
r ever sal of eff ectiveness for all deflections t ested between Mach 
numbers of 0.925 and 1.175, the highest value tested. The outboard 
aileron (fig. 9) indicated r eversal for a 2 . 30 deflection at a Mach 
number of 0 .92. The aileron effectiveness for higher deflections 
approached zero at highest Mach numbers. 
The variation of the rolling-moment coefficient with Mach number 
for the flat-sided aileron is presented in figures 10 to 12. The full-
span aileron showed r ever sal for all defl ections t ested. The outboard 
aileron indicated zero effectiveness for deflections of 1.70 and 4.80 
at a Mach number of 1.03 with some tendency to r ecover as the Mach 
number increased. At higher deflections, the flat-sided aileron 
appear ed to be more eff ect ive than the circular-arc aileron. The 
inboard-aileron section had a negligible effect on the characteristics 
of the outboard aileron (figs. 11 and 12). 
The outboard cusp aileron (fig. 13) appeared t o be ~uite ineffective 
thr oughout the Mach number range tested for a 1.90 deflection, with 
r ever sal indicated at a Mach number of 0.905. The other deflections 
showed r easonabl e eff ectiveness throughout the Mach number range tested . 
The r esults for the 0.269-chord cusp and flat-sided ailerons are 
presented in figures 14 and 15 . It appears that the cusp aileron has 
the better characteristics . The variation of rolling-moment coefficient 
with Mach number for the 0.269-chord cusp aileron is similar to that of 
the 0.20-chord cusp aileron of figure 13, but because of the longer chord 
the aileron was more eff ective . 
The r esults for the 0.32- and 0.40-chord flat-sided ailerons 
(figs. 16 and 17) show very similar characteristics and indicate no 
r eversal up to M = 1.175, the highest tested. Both ailerons appeared 
to have better characteri s tics than the two smaller flat-sided ailerons 
tested. 
Conditions along the hinge line appeared to affect the effectiveness 
of the ailerons tested . Removing the fairing at the hinge line (f ig. 18) 
but maintaining the seal increased the aileron eff ectiveness up to a 
Mach number of 1.0; above t his Mach number the effect was negligible . 
Leakage along t he hinge line f or either the 0.20-chorrl circular-arc or 
I 
I 
I 
I 
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the O.40-chord flat-sided aileron (figs . 19 and 20) r educed t h e ailer on 
eff ectiveness at most speeds and also r educed the variation of r olling-
moment coefficient with Mach number. These r esults indicated that further 
studies of leakage along the hinge should be made in the transonic speed 
range . 
Because it was thought that the r eversal or ineffectiveness of the 
flat-siQed or cusp 0.20-chord ailer on might be a r esult of flow separa-
tion ahead of or near the hinge line of the aileron, an aileron was built 
that had constant thickness behinQ the hinge line . This contour woulQ 
tend to fill up this area of separation or the r educed pressure gradient 
over the trailing edge might prevent separation when the ailer on is 
neutral, and the control therefore shoulQ be effective for small deflec -
tions . The r esults 'for this aileron (fig. 21) showed no tendency for 
the effectiveness to r ever se even for small deflections up to Mach numbers 
of 1.125 , the highest tested. Furthermor e, the eff ectiveness of t hi s 
ailer on was greater than that of the Circular -arc, the flat - s ided, or 
the cusp 0.20 -chord ailerons. 
Spoiler s have shown good eff ectiveness on a very thin wing of 
about the same sweep and plan form a t transonic speeds (refer ence 3) . 
A spoiler arrangement that showed characteristics at low speed simil ar 
to the spoiler arrangement of r efer ence 3 was tested at both 1- and 
5-percent projection (fig . 22 ) and, as did the spoiler of r efer ence 3, 
showed quite high effectiveness at all Mach numbers investigateQ. 
Since l eading-edge flaps defl ecteQ opposite to the ailerons have 
shown good eff ectiveness at Mach numbers above 1.5, they were investi-
gated at the transonic speeQs . At Mach numbers up to 1.15, the 0 .15 -chord 
leaQing-eQge flap Qeflected either - 50 or -100 (figs . 23 and 24) had a 
detrimental effec.t on the aileron characteristics . 
One isolated test of a wing-tip aileron is presented in figure 25 . 
For this arrangement, the aileron effectiveness was r elatively good; 
however, this ailer on will r equire considerable additional work. 
The variation of r olling-moment coefficient with Mach number for a 
triangular inboarQ aileron designed to affect a large portion of the 
wing at super sonic speeds is presented in figure 26 . This configuration 
showeQ reasonable effectiveness throughout the speed range tested; 
however,optimum shape and location have yet to be determined . 
CONCLUSIONS 
The results of tests at transonic speeds of a semispan 420 sweptback 
wing-fuselage combination indicate the following conclusions: 
L _________ ~ ___________________________________________________ _ 
,------- ------- --------------
I 
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I-
I 
NACA RM No. L8D21 
1. The normal aileron (0.20c circular arc) indicated r eversal f or a 
deflectic~ of 2 . 30 at a Mach number of 0. 92 . For higher deflectio~s, 
the effectiveness approached zero at higher Mach numbers. 
2. Neither the flat-sided nor the cusp normal-chord aileron showed 
much improvement in eff ectiveness at low deflections over the circular- -
arc aileron. 
3. Extending the chord of the ailer on offer ed one method of pro-
viding positive control- up to the highest Mach numbers tested . 
4. Leakage along the hinge line had an important eff ect on the 
characteristics and should be investigated f urther. 
7 
5. The parallel -sided aileron showed no indication of r eversal and 
greater effectiveness than either of the other normal-chord ailer ons tested. 
6 . The spoiler s were quite effective throughout the Mach number ranee 
tested. 
Langley Aeronautical Laboratory 
National Advisory Committee for Aer onautics 
Langley Field, Va . 
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Figure 1. - Three -quarter front view of the model as mounted on the bump in the Langley 
high -speed 7 - by 10 -foot tunnel. 
-----------
~ 
0 
» 
~ 
!:21 
0 
. 
t:-l §' 
f\) 
f-' 
\0 
--~---~----.---- ~- --- ---------- ----- ----
I 
I 
\ 
\ 
I 
I 
[ 
I 
I 
l 
I 
I 
\ 
\ 
\ 
\ 
I 
, 
I 
I 
# I 
, 
I 
- ----- --------- ~ -"----- -----,.---..------ -----
-------- - ------~ 
Balonce 
center line 
~ 
~o 
J ~L 
~ ~.O 
• 
Tunnel floor 
~ 
Figure 2. - Schematic sketch of relative position of model, balance, and transonic bump as 
mounted in the Langley high -speed 7 - by 10 -foot turmel. 
~ 
o 
~ 
~ 
~ 
o 
. 
& 
~ 
f--' 
f--' 
I 
----------
14 
'S'/.2 
1...." 
<l) 
<l 
~ ~ 10 
~ 
o 
C) ~.8 
....... 
C) 
<..) 
-3 .6 
.1-
. :,..---' 
.~ 'r--- '\. ~ . 
MT 
.185 
.75 
~: ."-, 
f 
.r--., 
:\. 
725 
70 
675 
65 
,
-.,~ >----, 
-
. ---+ 
.6 
--
5 
.4 
r-----
I 7 
'---
/ / 
/ / 
/ / /r / / / / 
/ I I 
// i'-!)OO / I z ~ - ---e- - \L - ---; / /; 
1111 [ lilfl 177 111111'" rr. 
ump surface 
I 
10 12 14 16 18 20 
Chordwise distance ) inches) from L.E. of bump 
C/)B 
~ 
~ 
~6 
<l) 
(.) 
s::::: 
C) 
~4 
.Ct) 
i:3 
....... 
C) 
~2 
I.... 
~ 
o .4 
"'t: 
"" 
\r:> 
~ 
MT ~~ ~ '-0 ~ ~ cq~~~ ~ f'-: 
\ !\l \\ . ~ 
l \1 . \ 1 l\ 
\ \ \ . . 
1 I~ '\ \ ' . . 
1 .J r\ 1 
~ . ~ ( 
. ~ , ~ . ~~ Q > .f> . .rJ o . .,.. 
."" 
.6 .8 /.0 1.2 
Local Mach number, MZ' at 
12-inch chordwise poslfion 
~
Figure 3. - Spanwise and chordwise distr ibution of Mach number over transonic bump. 
Model off. 
• 
--- - - -- -- -- -- - ----- ---- -------
f-' 
I\) 
~ ;p 
~ 
~ 
a 
~ 
f\) 
t-' 
- . ----- .--------- -. - .-.-- _._.,...----
1.4 X /0 6 
ct 
"'\ 
~ 
~ § 
c:: 
1.2 
10 
~ .8 
--..;;:: 
() 
c:: 
::!) 
~ .6 
o 
",,' 
.2 
• 
------ -----l 
\ 
I 
\ 
~ I I (") 
I 
:x::. 
~ 
2l 
\ 
0 
. 
& 
~ 
V ~ I I I 
/ , 
/ 
/ 
V 
V 
.4 .6 .8 /.0 12 
Moch number) M ~ 
Figure 4. - Variation of Reynolds number with test Mach number. Reynolds num ber based on 
model mean aerodynamic chord of 0. 25 foot. 
-----'--~-
f-' 
\..Al 
_____ _____ _ _ _ J 
r----
~ 
------------------------
Typ/cal sect/on 
A ~ --3~ A 
~r-- J;2- gap} filled with wax 
I // I 
~ 4.6 ~ 4.0 ->1 ,j.80 
....----~ 13.4 
~ZO~.40 
s _ x I 
() 
crj 
------Ll~ 
\Q 
~ 
Figure 5. - Drawing of the 42.80 sweptback wing and fuselage combination. 
, 
J TI 
f-' -
+:""" 
~ 
;t> 
~ 
~ 
o 
& 
I\) 
f-' 
'0 
"t- -j- -
-.....: 
1------ /84 
I 
I-
-32 a -......:. 
+- =-r=-.:L I 7 
/ 
/ 
/ 
/ 
/ 
/ 
/ ' I I 
/ I 
I / 
/ / 
/ / / 
/ ;' / 
/ 
/ 
(--~ \ / I 
\- "---~../, , __ I 
(a) ,;x:Jing-tip triangular aileron. 
" 
Ai/eron // 
hinge line ;/-
/ 
/ 
/ 
/ 
30° 
/ 
/ 
/ 
/ 
" 
---------
/" / 
// :' ---" 
.SO-chord / \ 
I ... __ , 
line ; \ 
Plote!' /) 
f)? / 
,v I 
I 
I 
5 ~1.9 >1 
I 
L~ 
\ 
I 
, 
, 
, 
, 
L_ 
\ , 
------------"" 
~ 
(b) Triangular inboard aileron. 
Figure 6. - Drawings of wing-tip aileron and triangular inboard aileron. 
L---____ . _____ ~ _________________ _ 
~ 
:x> 
~ 
!21 
a 
. 
----- , 
@1 
f\) 
I-' 
I-' 
V1 
16 NAeA RM No. LBD21 
.S .6 .7 .8 10 II 1.2 
Mach number.) M 
Figure 7. - Variation of rolling-moment coefficient with Mach numoer 
for a O.20-chord full-span circular-arc aileron. 
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Figure 14. - Variation of rolling-moment coefficient with Mach number 
for a 0. 269 -chord cusp outboard aileron. 
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F igur e 15. - Varia tion of r olling-moment coeffici ent with Mach number 
for a 0 .269 -chor d fla t - s ided out ooar d aileron. 
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Figure 16. - Variation of rolling-moment coefficient with Mach number 
for a O. 32-chord flat-sided outboard aileron. 
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Figur e 17. - Variation of rolling-moment coefficient with Mach number 
for a 0 .40 -chord flat-sided outboard aileron. 
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Figure 18. - Variation of rolling -moment coefficient with Mach number 
for a O.20 -chord circular -arc outboard aileron with and without 
aileron gap. 
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Figure 19. - Varia tion of r olling -m oment coefficient with Mach number 
for a 0. 20 -chord ci rcular -a r c outboar d a ile r on with uns ealed gap. 
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Figure 20 . - Variation of rolling-moment coeffici ent with Mach number 
for a OAO-chord flat-s ided outboard aileron with unsealed gap. 
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Figure 21. - Variation of rolling -moment coefficient with Mach number 
for a 0. 20 -chord parallel-sided outboard aileron. 
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Figure 22. - Variation of rolling-mom ent coefficient with Mach number 
for a O.50-semispan outboard s poiler. 
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F igure 23. - Varia tion of rolling -mom ent coeffici ent with Mach number 
fo r a O.20 -chor d circular -a r c outboard aile r on with leading -edge 
outboar d flap deflected - 50. 
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Figure 24. - Variation of rolling-moment coefficient with Mach number 
for a 0.20-chord circular-arc outboard aileron with leading-edge 
outboard flap deflected -10 0 • 
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Figure 25 . - Variation of r olling -moment coefficient with Mach mimber 
for a t riangular tip aileron deflected 30° . 
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Figure 26. - Variation of rolling-moment coefficient with Mach number 
for a triangular inboard aileron. 
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